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EA)eh= chitin(poly-N-acetylglucosamine)S 71=5-aiste] 4]&
AL Aok, Y 2 oI E e ol&HT glo
W50 uE B3] Streptomyces,”™ Serratia,'*™® Pseudomonas,'”
Aeromonas,”™ Bacillus,'*'" Acinetobacter,'® Vibrio' 52| Ald=+
Trichoderma™® Aspergillus® Mucor,® Mycothecium,® Candida,”®
Saccharomyces™ 9] Flvtoll WA Xk 2oz dEA 3l
=, H<2 2E4d chitinase’t A EHAHFY] AS$S IAScH
= B39 AF-felAd chitinasert A=A WA7)12RS Yel
ks B ERWe] gaks] el gl

mEbA 2 Aelals AEYUA Ads eRgHolt A
S21e felo] HE Fusarium 59 2124dHS WA 4
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A BE%E BEHoR gl Belsla, olF
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Aaksle AedTE Adsta, olF $8E dlen, of
F7}F AAaksk= chitinaseoll 29t BEGAEE in vitro, in vivo
pot AEE T3] o2 fuete] AAF Hget
BRI EA S Asshed 538 T
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o
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MEYUN D 22 W My

ZAF olsl Ao EYS REAOR o B¢ AHds
o 1074 e, g4jsta, o8 LB A 0.1 mi =
o g HEFLe], 30°ColA 187 wiFAI T ©] colonys
2 KHPO, 0.7%, KH,PO, 0.2%, (NH,),SO, 0.1%, sodium
citrate 0.05%, MgSO, + TH,0 0.01%, peptone 0.1%, colloidal
chitin 1%(pH 7.0)2] 2402 o|=017 chitin & TV
o] A (toothpick replica)dl] chitin £34&-& FAse= 45
Aukslgiom | St Fusarium solani®} Fusarium oxysporum
ez Mubgrate] Xl (pairing culture)S AA]SH
TAE Sdlshe 43S I

KN
=
o
=

HcHulX] % BiSF

B AFo)) AREE 5 Serratia sp. 30959 AIE King'B
ARG ARSI} 30°ColA 27 HRYEE - 4°ColM B
#3tga, A7) BAS 98] KingB brothel]l 197F 7] &
15%7} B|%2 g3 glycerold A7Fsle] -70°ColA] 52 B
AT

F solani®t E oxysporum®| A= potato dextrose agar
(PDA) HIXE AME3le] 28°Collr] UFU7F i 5 A-E(24°C)
o BAstHA ARE-SFA T

Zan|MEe 83
Chitinase AAHd ZAYngE9 5HL 93 API® test
(bioMerieux)?} Biologhte] &A= (MicroLog™ 3), 18|32
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7 A3kt A3RAE ARSI, AAFAYI (transmission
electron microscope)> 2 1 FelE #A3I T} o|F ulgkoe
= Bergey's Manual of Determinative Bacteriology??] 4912

ol&st] HF T3

Chitinase M43} =F A0 M=

Chitinase A2+ chitin-minimal ¥}<}(CM) 2, peptone 0.1%,
K,HPO, 0.7%, KH,PO, 0.2%, (NH,),SO, 0.1%, sodium citrate
0.05%, MgSO, * TH,0 0.01%, colloidal chitin 0.15%14 3%
7+ vkl chitinase AAFEIA, ©E 10,000X gl A 208
7+ dAREskd 1 %.%FJ%%"—‘%% 3|5atgint. o] AR
& Amicon Centriprep® 1002 5% 2 212 10,0000]3H
AEAED S AASY 2ahAL THEATH

Chitinase &4 =3

Chitinase 89 &4 pH 7.59 0.07M Na,HPO,-KH,PO,
buffer(phosphate buffer)l colloidal chitin® 0.5%% HEA|Z]
71284 0.5mMl phosphate buffer(pH 7.5) 1 mi& B&F &
A 02miE F7FH 45°ColA 1A17F 308 B9t vkeA)Zl
% DNS®Hoz dgads AN 4084 1Us Al
7¥3 colloidal chitin® ZX€] 1 uM2] N-acethylglucosamine=
A= ahgoz ket

Y7 1=t gol
Add Adte] A37]3o] chitinased} 22 AEA F
AR e FAEAF 2L HEAEL 7IklEeAE
A7) At Ag® AdAE oMEAY) HESH] 30°Ce)
Al 3U7F ABiekEE 10,000X gollA] 2087 D428 8
FEAE st en ASHS Amicon Centriprep® 1092
WA 10,000013F ARAED T IEAEAZ o] g
45 ml PDBY 5m# F71t § F oxysporumE 35319 2¢
2k wgste] A EAZFTHH(dry cell mass)oll &3] JAHS
Fatduh, T3 gol| WAs aavhsl 7k EFAE &
3] 93l wiFdEAL 80°CHlA 3087 = &
E e RIS 24 A4 I RS Re
FAED JATE g2T2 S

In vitro 4¥

Chitinase Y4t AU AWE Serratia sp. 30958 AEUAE
2 AR Aoz AFA37] 95t potato dextrose broth
(PDB) 50%°1 King's B broth 50%Z &351] pH 6.0 %
A%t vl E oxysporumZ HE310] 30°ColA 2407F & ul)
X3t F Serratia sp. 30952 7} FEIH.oH, oS 30°CA
4877} Bt XBHNYB3I (dual culture) F oxysporum] oA} H
3 AL AR E B8 ERisiin

In vivo pot 4%

Chitinase A4Hd A3 Eo| AA] EdllA AEH LT
HAEg BReR ARE A4S 93t 7RKE iy 7]
FAER AABIG O, JERZ BE HY] (BIE 2:1:12

e AL AR 28°C, 70% SEE RS deatsd
oA NFAE 77} ola=e] = potell, mlE] PDBOAA MY
AT F oxysporum®] IAE 3Fdle] #AF HES T 197
FA8 OB st 7ol AwE WRF Serratia sp. 3095
£ A3y et o FHME s olE 28°C, 70%
g5 719 TV R WS FRlEon, of
W t27E WA FAE7e vastd AlEgwe] iy
Age AT
g1 3 nE
HEYUNZe 22
AF olaixge EYCZREH 13059 Aag T
T JJYL, o] FFEL chitin T FHIR| o HAFA F
BE-e A YHshs AlFES EEF T, ol ¥R
PDA plated|x] X} o3 FAEHS AAst] JAA=
E Hole R g2 4JINE Hole &, 27T HES
Bd F solani$t NEEHI E oxysporum® dAAE 7349
3] galslke 1 a2 AIAAS HF AEsiirt(Fig. 1, Fig. 2).

Zen|dEe e ¥ 3
Chitinase A2H3 AIrAER £, Add A3vdE<]

Fig. 1. Clear zone formation by the chitinase produced from
Serratia sp. 3095 in chitin-minimal agar. A: Serratia sp. 3095.
Cultivation was carried out in the CM for 3 days at 30°C.

Fig. 2. Growth inhibition of Fusarium sp. by Serratia sp. 3095 in
PDA by pairing culture. (A) Fusarium oxysporum + Serratia sp.
3095, (B) Fusarium solani + Serratia sp. 3095.



Chitinases A2kl Zanjgge] x

& A8 DA AAS A oAl diges
Hlow, 2 uAFEEE Bis] s AEnFem
3 A} HRE Ve ko E BEEHAY. T3 43}
IAE3} API® test Z28]T Biologhte] FZA|AELS
St A Serratia proteamaculans™ 62.2% 2A48L 2

HE2 O R S, proteamaculans biotype Cle WA& 2 &
AEOZ TG3IATHTable 1, Fig. 3).

Chitinase2| 24FE4 EA}

(1) Colloidal chitin 5%

Chitinase A3t 3718 colloidal chitin®] F%7} #]X|&= %
FE Lotr] A3l 03%7H4] colloidal chitin®] FEE H3}A)
A CM WA F7lsle] B A3 Fig, 40014 2 5 & ble}
2ol A3 Akl Frtsitbt 0.15%0 el e 849 &
Ve B 47t §iuh o) A= Aeromonas salmonicidal®9}
Streptomyces lydicus®2] 73-%- 7Yz} 1.2%% 2%} 4 =)
F B9 A3 2l B 35 ZEEL] colloidal chitin
FEollA AFE) o AAEAS vk= o2 AZE

(2) WA

Chitinase AJ/doll nlj oA 71o]

AE YFE

dofrr] 95}

Mt Fusarium 459 D)8 g7 183

Fig. 3. Morphological observation of Serratia sp. 3095 by
transmission electron micrography.

o CM "R A wlj%d AAHEZ chitinase AAHAS AES 2
397 vkt A9 1 Aol EilE S kg ‘/F AR
THFig. 5). ©1= A. salmonicida™} S. Iydicus®®) 73-% Zyz+
293 6= v Rpol7t Yo} Serratia marcecsens”)s’%
Bacillus circulans'®2] 3d3= A 2ol

Table 1. Identification of the Serratia sp. 3095 isolated as an antagonistic bacterium against Fusarium sp.

Microorganism

S. proteamaculans

Test Strain 3095 - - S. marscens
biotype Clc biotype RB
Gramstain - - - -
Motility + + + +
Flagella + + + +
Oxidase - - - -
Indole production - - - -
Methy! red test + d d [-1
Voges-Proskauertest + + + +
Hydrogen sulfide production - - - -
Ureahydrolysis - - - [-1
Carbohydrate degradation
Glucose + + + +
Maltose + + + +
Lactose d - - _
Sucrose + + + +
Acid production from D-glucose + + + +
Nitrate reduction + + + +
Citrate utilization + + + +
Gelatin hydrolysis + + +° +
L-Arabinose utilization + + + -
D-Mannitol utilization + + + +
D-Mannose utilization + + + +
L-Rhamnose utilization + d d -
D-Sorbitol utilization + [+] [+ +
Adonitol utilization - - - d
Arginine hydrolysis - - - -
Esculin (B-glucosidae) + + + +
Malate utilization + d d ND
L-Rhamnose utilization - - + ND

Identification

S. proteamaculans biotype Clc

Symbol : +, 90% or more positive ; —, 10% or less positive ; d, 11~89% positive ; [+ ], positive in 3~7 days ; ND, no data available.
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Fig. 5. Effect of culture time on the production of chitinase from
Serratia sp. 3095. @ - @ : Chitinase activity, © — O : Cell growth.

(3) ©59¥ chitinase®] AJLHEA

Chitinase AJ2toll ©ago] X F3L Uolrr] S8 CM
HiR]A sodium citrateS AL, 2F @29S 22 0.1%
7t HEE HUKsE &, 30°ColA] 3Y7F e wRekslar, 10,000
XgollA 2083+ AAEEEl A Fsiglon, ol %
" EANOZ ThEo] chitinaseZAS 23] B AT} Table 2
AA H= vkl 7ol colloidal chitin®] 73-$-5 A|9)dtze 7
] chitinase® AYAF3IA] £33}, o] AHE Serraria sp. 3095
7} A4¥sl= chitinaseZ} colloidal chitin®] 5] == 4=
aade ¢ F AUk =S KHPO, 0.7%, KH,PO, 0.2%,
(NH,),S0, 0.1%, MgSO,*7H,0 0.01%, peptone 0.1%, colloidal
chitin 0.15% z}z} 0.1%71 =2 glucose, sodium citrateS
FH7H & 30°CelA 3U7E e wieksly FUE whiew
chitinase@/J-S 43l B A3} Table 294 HE ule} 7o)
glucose®] 73-9- chitinase AAHde] F 30%Y= ZHrdIP o,
sodium citrate®] 739 2318 10%4% 53k glucosest 2
< "ol 4 oE o]8E0] chitinase2] HAE A
S 4 F AUAAS ©] A= S bydicus¥) A9 2 ko] =
7vete A= Adoldt AFelA T, Al salmonicida 9}
Aspergillus fumigatus™®] 739~ chitinase 32+ viX|9l glucose

Ade

Table 2. Effect of carbon sources on the production of chitinase from
Serratia sp. 3095

Carbon sources Relative activity(%)

Sodium citrate* 0.8
Glucose* 0.2
N-acetylglucosamine* 1.1
Chitin* 05
Chitosan* 0.0
Lactose* 35
Colloidal chitin* 100.0
Sodium citrate** 108.9
Glucose** 71.3
None** 100.0

*Carbon source(0.1%) was added to the basal medium [K,HPO, 0.7%,
KH,PO, 0.2%, (NH,),SO, 0.1%, MgSO, - TH,0 0.01% and peptone 0.1%],
and then Serratia sp. 3095 was cultivated for 3 days at 30°C.
**Glucose(0.1%) or sodium citrate(0.1%) was added to the medium
[K,HPO, 0.7%, KH,PO, 0.2%, (NH,),SO, 0.1%, MgSO, - TH,0 0.01%, pep-
tone 0.1% and colloidal chitin 0.15%], and then Serratia sp. 3095 was culti-
vated for 3 days at 30°C.

= A7IEIe A 2 Aile] ZAgE B} o] Serratia
sp. 30957} Aatsl= A3 chitinase”} glucose®t e ©
o] 213} feed back repressions W RALZ FHHT

@ AaYE chitinase®] YIS '

Chitinase AJ4tol AAge] WX &S Lokr] 943 CM
Hjx]el (NH),S0,5 AAstaL, 725 A4US 22 0.1%7} =
T AR £ 30°CelM 397 AR wiFsla, 10,000 goll
A 2087 AAEEEIY AedE FFEtilon, ol xEA
Ho= ghEof chitinase B4E F45H] 2 27 Table 390
A mEuksh 7ke] (NH,),S0,, (NH,CI, peptone 52 347}
7 ET} chitinase®] Aite] S7HH oY 29 AAPLS 23]
¥ 7SI o] Files A fumigatus™el 739 tryptone}
yeast extracts 75} 7% chitinase A4te] 7H43IAT)
= B} ARV, A salmonicidal®$t 8. lydicus”2) 73-%-
2 ko] Frhgithe Huehe Adolgh Aol

(5) Chitinase A4S 93 S497 249 FAFHFE

K,HPO, 0.7%, KH,PO, 0.2%, MgSO, - TH,0 0.01%, sodium
citrate 0.05%, colloidal chitin 0.15%° (NH,),SO,%} peptone
£ 77 09004 03%7}F E=F FH7RsE 3 30°CoA 397 X
g st g3 5213 chitinase M-S VX HES A

Table 3. Effect of nitrogen sources on the production of the
chitinase from Serratia sp. 3095

Nitrogen sources Relative activity(%)

(NH,),S0O,* 133.7
Peptone 112.1
Yeast extract 4.6
(NH,)Cl1 128.7
Tryptone 9.5
None 100.0

*Nitrogen source(0.1%) was added to the medium [K,HPO, 0.7%, KH,PO,
0.2%, sodium citrate 0.1%, MgSO,- 7TH,0 0.01% and colloidal chitin
0.15%], and then Serratia sp. 3095 was cultivated for 3 days at 30°C.
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Fig. 6. Effects of the concentration of ammonium sulfate(A), sodium
citrate(B), and peptone(C) on the production of chitinase from
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30°CeA 37 ZE wigsted @A) 47 chitinase B4
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A Aol A37)#o] chitinaseot o] wEA &
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Table 4. Characteristics of the antifungal agent of Serrafia sp.
3095 for Fusarium oxysporum inhibition

Heated
Inhibition Inhibition residual
Strain by high by low activity
MW.(>10K) M.W.(<10K) of high
fraction fraction M.W.
fraction
Pseudomonas sp. 2112% 13.2% 41.5% 36.5%
Serratia sp. 3095 35.2% 5.3% 12%

* Antifungal strain Serratia sp. 3095 and Pseudomonas sp. 2112(antibiotic
producing control strain) were cultivated in the CM and King'B broth for
3 days at 30°C, respectively. After centrifugation at 10,000xg for 20 min,
the supernatant was used for antifungal assay.

Fig. 7. Swelling of Fusarium oxysporum hyphae surface by the
culture extract of Serratia sp. 3095 on the dual culture. A: Swollen
hyphae. Cultivation was carried out at 30°C for 48 hours in 1.2%
potato dextrose broth, 1% proteose peptone No. 3, 0.075% K,HPO,,
0.075% MgSO, - 7TH,0 and 0.75% glycerol(pH 6.0).

Fig. 8. In vivo antifungal activity of Serratia sp. 3095 on egg plant
(Solanum melongena). (A) Control, (B) Fusarium oxysporum infected,
(C) Fusarium oxysporum+Serratia sp. 3095.

HAEE 7=V 8R1s7] #18te] dual cultureE A
t9om, o]2 MxAn| Ao RSl B A3 Fg. 7904
£ nle} o] F oxysporum®| 3k tALe] AlZ
Wo) Serratia sp. 30952] chitinase®] ZHg-0 = WY I3t
BE5S BEY £ AT o] A PAEES YA X
= B 33 BAS et W chitinasest 2+ FARES)
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Isolation and Antifungal Activity of the Chitinase Producing Bacterium Serratia sp. 3095 as Antagonistic Bacterium
against Fusarium sp.

Eun-Tag Lee and Sang-Dal Kim*(Department of Applied Microbiology, Yeungnam University, Kyongsan, 712-749,
Korea)

Abstract : For the selection of an effective antagonistic biocontrol agent, we have isolated an antagonistic bacterium
which produced extracellular chitinase, from a local soil of Kyongju, Korea. The selected strain was identified as
Serratia proteamaculans 3095. The chitinase produced from Serratia sp. 3095 showed antifungal activity which can
attack the hypha surface of Fusarium oxysporum and F solani. The carbon and nitrogen sources for chitinase
production were 0.15% colloidal chitin and 0.1% ammonium sulfate, respectively. Glucose in the chitinase production
medium might inhibit the production of chitinase by feed back repression. The antagonistic Serratia sp. 3095 also
showed a powerful biocontrol activity against F. oxysporum through in vitro test and in vivo pot test.

Key words : antagonistic bacterium, Serratia sp., antifungal, chitinase
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